We have determined the nucleotide sequence of the Drosophila retrotransposon 1731. 1731 is 4648 bp long and is flanked by 336 bp terminal repeats (LTRs) previously described as being reminiscent of provirus LTRs. The 1731 genome consists of two long open reading frames (ORFs 1 and 2) which slightly overlap each other. The 0RF1 and 2 present similarities with retroviral gag and pol genes respectively as shown by computer analysis. The pol gene exhibits several enzymatic activities in the following order: protease, endonuclease and reverse transcnptase. It is possible that 1731 also encompasses a ribonuclease H activity located between the endonuclease and reverse transcriptase domains. Moreover, comparison of the 1731 pol gene with the pol region of copia shows similarities extending over the protease, endonuclease and reverse transcriptase domains. We show that codon usage in the two retrotransposons is different. Finally, no ORF able to encode an env gene is detected in 1731.
INTRODUCTION
The retrotransposons constitute a broad class of moderately repeated mobile genetic elements abundantly represented among Eukaryotes, as for example the copia-like elements of Drosophila (for a review see 1), the Ty element of yeast (2), the intracisternal type A particles (IAP) of rodents (3) and the THE I repeats of humans (4) . These elements share structural features analogous to the proviral form of Vertebrate retroviruses: the entire element Is surrounded by short direct repeats (4/5 bp), corresponding to the duplication of the target insertion site; long terminal repeats (LTRs) about 200 to 600 bp flank the element, each LTR begins by T6... and ends by ...CA; these two nucleotides are themselves part of short inverted repeats which flank the LTRs. Moreover, the retrotransposons contain, just downstream from the 5'LTR, sequences which could serve as tRNA primer-binding sites and ohgopurine tracks which act in priming the second strand synthesis during retrovirus replication at the internal boundary of the 3'LTR (for a review of retrovirus replication see 5).The complete sequence of four Drosophila copia-like elements (copia, 412, 17.6 and 297) (6 to 9) as well as the sequence of Ty (10) and IAP (11) show the existence of at least one or two open reading frames (ORFs) which encode proteins showing similarities respectively with the gag and pol genes of retroviruses.
The occurence of a third ORF encompassing an env gene will be discussed later. The pol gene of retrotransposons would encode both integrase (endonuclease) and reverse transcriptase activities and it seems likely that the transposable elements mediate their own mobility through encoded enzymatic activities. These elements are fully transcribed into a polycistronic polyadenylated messenger RNA originating in the 5'LTR and terminating in the 3'LTR. Virus-like particles containing the corresponding RNA genome and reverse transcriptase activity have been described in the case of copia (12) and Ty (13) . Circular extrachromosomal forms of copia-like elements (14-15), similar to those seen within cells infected with retroviruses, have been observed and it is widely believed that 
MATERIALS AND METHODS

Materials
Restriction enzymes, DNA polymerase I (Klenow fragment) and labelled nucleotides were purchased fromAmersham.
Synthetic oligonucleotides were prepared with the use of an automated DNA synthetizer as previously described (23).
M13 clonino and DNA sequencing
The BamHI/Sall 3.1 Kb fragment of subclone pFP5c (23) was transferred into M13mp8/M 13mp9 and sequenced by the chain termination method (24) .
The sequence of both strands was obtained. We used the cyclone system of IBI and the 17-mer universal primer for a large part of the sequence. It was completed with 25-mer synthetic oligonucleotides used as specific primers. Regions rich in GC were sequenced using the 7-deazadGTP kit of ABN.
Alignment of protein or nucleic acid sequences were realised using the Goad and Kanehisa method (25) This would argue for the production of an 0RF1-0RF2 fusion protein obtained by a specific frame-shifting event as was proposed for HIV (32) , MMTV (33), 17.6 (9) and 412 (7). 1731 (579) rioMLV (187) RSV (27) It has been reported that the pol gene of retroviruses also encompasses a ribonuclease H (RNAse H) activity. Alignment between the RNAse H of some retroviruses and the RNAse H of E. coli showed that the RNAse H activity is associated with the reverse transcriptase domain (39) . Computer analysis using similar techniques was undertaken for the entire 1731 sequence. There was weak homology (181) between 1731 and the E.coli RNAse H from position 420 to 530 of the 0RF2. This alignment is located between the endonuclease and reverse transcriptase domains previously described, without overlapping any of these two regions. These two points argue for the existence of a RNAse H domain in 1731.
Absence of env gene
No ORF able to encode for the totality or a part of an env gene was detected in the 1731 internal nucleotide sequence.
Differences and similarities between 1731 andcoDia.-codonusaoe
The nucleotide sequence of copia (6) (36) . Moreover, the 0RF2 would present three specific domains respectively assigned to protease, endonuclease (integrase) and reverse transcriptase activities. This can be deduced from sequence homologies noticeable in the inner part as well as at the limits of each domain. In addition, the size of these domains is similar to their retroviral counterparts.
The first domain, of about HO residues, would encode a protease activity involved in cleaving a polyprotein into smaller functional proteins. The second domain, corresponding to the endonuclease (integrase), covers about 270 residues and presents short nucleotide stretches that are conserved among retroviral endonuclease genes. It should be noted that the amino-terminal portion of this domain has a zinc-binding site also found in the endonuclease domain of retroviruses (39) and which contains a pair of histidines at the ami no-terminal end and a pair of cysteines at the car boxyl-terminal end.
Zinc-finger structures, with two cysteines at the amino-terminal end and two histidines at the carboxyl-terminal end, have been described as protein motifs implicated in nucleic acid recognition (42) . Thus, it is possible that "zinc-fingers" of retroviral and retrotransposon endonucleases are also involved in a preliminary step of the integration process. Lastly, we assign a RNA-dependent DNA polymerase activity to the third domain of the 1731 0RF2. Similarities with retrovfral reverse transcriptases extend over the whole domain and include the highly conserved sequence among retroviral reverse transcriptases: Tyr-hydrophobic residue-Asp-Asp. Thfs sequence has also been shown to be conserved among hepadnavirus polymerases (43) and has been proposed to play a critical role in polymerase function (44). Moreover, it is possible, with regard to amino acid similarities, length and localization, that 1731 also encompasses a RNAse H activity, as is the case for retroviruses (39) . Taken together, these results allow us to define the 0RF2 as the pol gene of 1731. The organisation of this gene (5'-protease-endonuclease-reverse transcriptase-3') is reminiscent of those of copia and Ty, although the order in retroviral pol gene is 5'-protease-reverse transcriptase-endonuclease-3', as is also the case for the retrotransposons 17.6 and 297.
Moreover, we demonstrate the existence of homologies between 1731 and copia in the protease, endonuclease and reverse transcriptase domains. These homologies are found despite a different codon usage in the two retrotransposons. For the time being, we cannot determine whether similarities between 1731 and copia reflect evolution from a common ancestor or convergence towards a similar function. Neverthless, these results reinforce the likelihood that these enzymatic functions exist In
1731.
Finally, the analysis of 1731 sequence shows the absence of an env gene. Although this Is also the case for copia (6) and Ty (10) ,the absence of env gene is not a common characteristic of retrotransposons.
The retrotransposons 17.6 and 297 of Drosophila ( 8 -9 ) show a large 3' ORF described as an env-like 
